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INTRODUCTION
Recently the production of fish in the world has been grown, according to reduce the outputting in fishing -with increasing the fish demanding at a mediocre yearly average of 3.2%, over stepping the growth of the inhabitance of the world to 1.6%. The individual consumption of fish in the world rose from 9.9 kg in the 1960s to 19.2 kg in 2012. Depending on the FAO's last numeration, fish farming has grown to 90.4 million tons in the 2012, which comprise 66.6 million tons of fish and 23.8 million tons of aquatic algae 1 .
Fish deaths, especially those caused in the larval phase; resulting from both pathogenic and opportunistic bacteria, are among the major problems of fish farming in the present, leading to large economic losses. Despite the development of sterilization and sanitation techniques, food preparation, reprocessing and storage still carry the risk of food contamination by unwanted microorganisms. Environmental conditions and microbial water quality at fishing sites are the main reason for the presence of foodborne pathogens as well as the contamination of ponds with animal, human and agricultural waste 2 . The excessive use of antibiotics to solve this problem, especially those that are not biodegradable and characterized by long-term survival in the water has led to the spread and increase of antibiotic-resistant bacteria in the environment, an increase of antibiotic resistance in fish pathogens, transfer of these resistance determinants to bacteria and then land animals and finally become human pathogens along with alterations of the bacterial flora both in sediments and in the water column 3 . Concomitantly, probiotics have widely been suggested as eco-friendly alternatives to antibiotics. However, the way in which probiotics are applied in aquaculture is a key factor in their favorable performance. Probiotics as an alternative to chemicals and antibiotics have proven to be effective in promoting successful aquaculture, as they have the potential to improve water quality, increase tolerance to stress, generate high-quality livestock 4 .
Hence, the current study was designed to isolate Pediococcus pentosaceus from the fish pond in Basra city southern Iraq, and to evaluate its probiotic properties as well as their antimicrobial mode of action against fresh water fish pathogens, Salmonella sp.
MATERIALS AND METHODS

Collection of samples
Nine water samples were collected from three Cyprinus carpio (Comman carp) fish ponds located in Marine Science Center-Basra University, Al-Garma campus ( Fig. 1) , with coordinates as represented in the Table (1), using 500 ml glass bottles, during April 2018. Samples were put in the icebox and transferred to the laboratory where they were saved in cooling (4°C) till be used. The feeding system applied in these ponds does not contain any bacterial additives. Physical and chemical properties like temperature, pH and salinity of water in the ponds during sampling were 26.4°C, 7.1 and 2.1 ms/cm respectively.
The total volume of PCR reaction fraction was 50µl consisting on: 20 ng/µl as DNA concentration, 25µl of the Master Mix, 1µl of each primer (10 pmol). PCR process was done during 35 cycles and take 3 h at 25 min using a PCR device (Macrogen thermal Block, Bioneer, Korea). The PCR conditions were carried out according to 7 . The PCR product was analyzed by 1% agarose gel 8 using electrophoresis apparatus (Fisher Scientific-USA) and 100 bp DNA marker (Gene Rule-Fermentas). The 16S rRNA sequence was performed by the macrogen factor (Korea).
Probiotic properties of isolates
Probiotic properties of thirty five isolates, such as survival in acid, tolerance against bile salts, and tolerance to gastrointestinal juices have been studied as follows.
Acid tolerance test
The acid tolerance test has been done using MRS broth with different pH (3, 5, 7, and 9), which prepared using HCl 1% (J. T. Baker) and NaOH 1 N (Hi media) in addition to control flask 9 , then autoclaved at 121°C for 15 min (triplicate has been used for each test). 0.1 ml from overnight cultured bacteria in MRS broth has been used to inoculate each flask, which were then incubated at 30°C. Optical density (OD) as the bacterial growth rate was measured using the spectrophotometer (Shimadzu, UV-1800, Japan) at wave length of 600 nm next 3 and 24 h of incubation.
Bile tolerance (Oxgall treatment)
For this test, MRS broth with different concentrations (0.0, 0.15, 0.25, and 0.5% (w/v)) of Oxgall bile salts (Difco) has been prepared. Then, each concentration was inoculated with 0.1 ml from overnight cultured bacteria and incubated at 30°C. The bacterial growth rate in each concentration has been measured using a spectrophotometer (Shimadzu, UV-1800, Japan) at the wave length of 600 nm after incubation at 37°C for 4 and 24 h. Triplicate has been used for each test.
Survival to simulated human gastrointestinal tract
To provide in vitro situation as those found in the digestive tract, the preparation of gastric and pancreatic juices was done as following: 3 mg.ml -1 from pepsin (Sigma) and 1 mg.ml -1 from pancreatin USP (Sigma-Aldrich) were dissolved in sterile solution of sodium chloride (0.5%, w/v). pH was adjusted to 3 and 
Isolation and enumeration of bacteria from water of the fish pond
A series of dilutions were performed under severe sterilization for all water samples collected, then 0.1 ml from each dilution were spread on the surface of de Mann Rogosa Sharpe agar medium (MRS, Hi media), and incubated aerobically at 37°C for 48h. The clear bacterial colonies were taken from the culture medium to produce pure culture.
Characterization of bacteria
Morphological and biochemical tests were carried out for diagnosis the probable type of bacterial colony from MRS agar 5 and for accurate identification, Vitek II (Biom‫י‬rieux, USA) has been used.
Molecular level characterization: 16S rRNA gene sequencing
Extraction of the total genomic DNA of the bacteria was carried out using 2 ml samples of overnight cultures grown in MRS broth at 37°C, following the manufacturer's instructions for Gram positive bacteria Presto™ Mini gDNA Bacteria (Geneaid Biotech Ltd., Taiwan). The extracted DNA was stored in sterilized vials at -20°C until used as PCR templates.
PCR amplification of 16S rRNA gene
Extracted DNA was used to amplify the 16S rRNA gene. For PCR reaction, universal primers of 27 F (5'-AGAGTTTGATCCTGGCTCAG-3') and 1492 R (5'-GGTTACCTTGTTACGACTT-3') have been used according to 6 .
Journal of Pure and Applied Microbiology 8 using HCl (3 mol.L -1 ) and NaOH (1 mol.L -1 ). 0.2 ml of the overnight bacterial rinse in the saline buffer of phosphate (pH 7.0) were injected with 1.0 ml of simulated gastric or pancreatic juice and 0.3 ml NaCl (0.5%, w/v), then incubated at 37°C. Colony forming unit (CFU/ml) was counted after incubation for 180 min for gastric tolerance, and 240 min for basic pH tolerance. The initial viable count (CFU/ml) of the washed cell suspension from each probiotic tested was determined prior to the transit tolerance assay, and was used to calculate loss of viability 10 using the following formula; Survival rate (%)=[Log CFU after treatment /Log CFU before treatment]‫.001׳‬
Antibacterial test
Fresh water fish pathogens, Salmonella sp. was used to study the antibacterial ability of probiotic bacteria, using the well diffusion techniques 11 . Shortly, 1 ml from overnight culture of Salmonella sp. in Tryptone soya broth (TSB, Hi media) was distributed through the sterile loop on Tryptone soya agar (TSA, Hi media). A probiotic suspension used as an antibacterial agent was the supernatant obtained from a 24 h bacterial culture after being centrifuged at 3000 rpm for 5 minutes.
Antibiotic susceptibility test
Antibiotic susceptibility was tested using Vitek II, in which antimicrobial sensitivity tests are performed in the same manner as antimicrobial dilution cards to determine the deposition point: minimum inhibitory concentration (MIC) against organisms.
Statistical analysis
Statistical analysis was carried out using one way analysis of variance (ANOVA) to compare means and significantly different means were separated using LSD; with post test if P<0.05 and using SPSS ver.10 software.
RESULTS
Isolation and identification of Pediococcus pentosaceus
During the current study, 18 isolates which gave positive reactions to Gram staining and negative reaction to catalase were selected for further characterization. The isolates have been identified as Pediococcus pentosaceus based on their phenotype, cultural characteristics and several biochemical tests. The colonies on MRS agar appeared as illustrated in (Table 2 ). And to emphasize the diagnosis, Vitek II has been used and gave the result with a confidence degree of 95%.
Molecular level characterization: 16S rRNA sequencing
The bacteria were exposed to the RNA sequence analysis of the 16S rRNA. Approximately 1400 bp-band size of 16S rRNA gene was detected on the agarose gel as shown in Figure 2 , as a result of the amplification. The 16S rRNA sequence was presented in the 16S ribosomal RNA sequence for Blast in NCBI Gene Bank website (www.ncbi.nlm. nih.gov/blast). The highest sequence similarity of the bacteria was 100%, and the accession number of the deposited sequence was NR-042058.1.
Acid tolerance
The tested isolates gave good results to selection probiotic criteria (pH test). From Table  3 , the isolates have activity at pH 3 and 5 after 3 h of incubation and this activity decrease at 24 h of incubation. Meanwhile the activity of growth at pH 7 and 9 were greater after 24 h of incubation. The results of the statistical analysis showed that there were significant differences in the bacterial optical density among the studied pH values in the two studied time, and between the studied time, and at the significant level P ≥ 0.05. 
Bile salt tolerance
The isolates were screened for their ability to tolerate the bile salts under different concentrations (0.15, 0.25 and 0.5%). Results (Table 3) show activity (P < 0.05) in all of the concentrations after 3 h incubation, and this increase with the time of incubation (24h).
Probiotic survival in gastrointestinal juices
The probiotic retention rate in both stomach and pancreatin juices was as shown in Table 3 . Results show good survive rate in both juices (pH 3 and pH 8) during 24 h, with efficient survival rate in pH8 than in pH 3 with presence significant (P < 0.05) among the isolate. Table 3 shows the MIC values obtained for the different antibiotics tested for the studied bacteria. To determine whether an organism is sensitive, mild opponent or opponents to antimicrobials, the break value of MIC is adopted. From results we can conclude that the understudying bacteria were sensitive to the most tested antibiotics with different MIC values, whereas it was resistance to only inducible Clindamycin. 
Antibiotic susceptibility test
Extracellular antimicrobial activity
Fourteen (77.77%) of the 18 P. pentosaceus exhibited extracellular antimicrobial activity in their supernatants against the growth of Salmonella sp. The diameter's range of the inhibition zone was within 22-30 mm.
DISCUSSION
The undesirable effects of bacterial diseases are a major concern for the aquaculture industry, especially, for economically viable species such as Cyprinus carpio. As a result of increased fish mortality and low yields, farmers have used chemotherapy and antibiotics to protect their investments. The extensive use of antibiotics has a significant impact on public health in the environment and on the development of pathogens resistant to antibiotics. Therefore, probiotic organisms have been proposed 12 .
Throughout the current study, from all of the isolates getting from the water samples of fishponds, only twenty isolates, which give Gram-positive and catalase-negative reaction, were chosen for further characterization. Only 18 isolates of Pediococcus pentosaceus were identified according to. In addition to that, the bacteria were identified using Vitek II with confidence degree of 95%. These results are in agreement with those recorded by 9 . Identification of bacteria using 16S rRNA is considered more dependent and accurate than traditional process. Different feature related to good probiotic properties of bacteria has been studied. Good probiotic sources must at least stay alive at pH 3 13 , because of the high acidity in the stomach. For this, bacteria have been tested to withstand acidity during different time periods. The growth rate (observed through optical density) of lactic acid bacteria (LAB) showed that, P. pentosaceus were capable of living in acidic and basal circumstances. Some researchers 14 found that the top action of probiotic achieved at pH 7. Meanwhile, in the present study, the isolates have the ability to survive and grow at different pH values and the highest activity was at pH 9. These outcomes harmonize with the results reported by 15 and 16 , and can be proved that the studied bacteria have one of the most selective standards for probiotics 17 . Acid tolerance in probiotic bacteria has been also reported in other studies 6 ; reported the viability of LAB (92.61% of Lactobacillus plantarum at pH 3 after 90 min). Kim and Austin 18 notified that, the survival of the isolates (Carnobacterial) obtained from the rainbow trout intestine appeared at acidity range from 5 to 10 19 represented that The LAB strains have a survival rate above 50% at low pH after 4h exposure.
The study of resistance to bile salts by probiotic bacteria is considered extremely important, because bile salts can act as antibacterial agents towards normal flora 20 . From the results obtained in the present study, the isolates of P. pentosaceus have the ability to tolerate different concentrations of bile salts in two incubation periods (3 and 24 h). This tolerance may be necessary for probiotic bacteria to growth and survive in the fish gut as mentioned by 21,14b,22 found that the probiotic bacteria have the ability to survive and grow in different concentrations of bile salts 16a reported that the all eight isolated they gated can be grown in different concentrations of bile salts (0.017, 0.014, 0.014, 0.012, 0.012%) (w/v) with different resistances to these bile salts concentrations exhibited by the tested isolates 23 observed strain-dependent tolerance responses when subjected to different bile salts, in addition to the effect of the source of isolates in their resistance ability 24 . Therefore, the advantages of probiotic bacteria which can tolerate a wide range of pH and bile salts are not only their ability to live in the stomach and intestine, but also their ability to grow and tolerate any stress condition.
The present study revealed that the supernatant of P. pentosaceus suppressed the growth of Salmonella sp. 25 revealed the ability of Pediococcus sp. to inhibit the growth of S. aureus, P. aeruginosa and E. coli, due to bacteriocin production in early stage of death phase. Probiotic bacteria may display a broad antimicrobial spectrum against fish pathogens, through different antimicrobial metabolites such as lactic acid, hydrogen peroxide, diacetyl, acetaldehyde, and/ or bacteriocins 26 . These antimicrobials may play as potent outer membrane-disintegrating agents which are known to hydrolyze and damage peptidoglycan, a cell wall component of Gramnegative bacteria 26b,27 . Moreover, probiotic bacteria may reduce the growth of pathogenic bacteria by competition for space or attachment surface or by competition for nutrients 28 . In addition, the production of acids by probiotics leads to lowers the pH of the digestive tract and inhibits the growth of pathogenic microorganisms 25 . Furthermore, many researchers 29 reported that, the dietary enhancement of Pediococcus sp. has positively influenced the body composition and increases intestinal microflora.
The antibiotic sensitivity pattern of P. pentosaceus against various antibiotics has been studied and results indicated that the bacteria were sensitive to the most tested antibiotics with differences in MIC values, whereas they were resistant to only inducible Clindamycin. In this respect, Klare, et al. 30 have identified the MICs from 16 antibiotics for 473 isolates of LAB, including Lactobacillus, Pediococcus and Lactococcus. Their results proved that the majority of LAB was sensitive towards Penicillin, Ampicillin, Ampicillin/Sulbactam, Quinupristin/Dalfopristin, Chloramphenicol and Linezolid, whereas, three probiotic strains were resistant to Streptomycin. Another study has found that Lactobacillus species are affected by many inhibitors of cell wall synthesis such as Penicillin and Ampicillin 31 . reported that P. pentosaceus LPP32, LPM83 and B5 were Clindamycin resistant 33 reported that among the different lactobacilli tested, they found high prevalence of resistances to Tetracycline (68% resistant isolates), Lincomycin (64.5%), Enrofloxacin (60%) and Ampicillin (50%) 34 founded that among 29 Lactobacillus strains only S4 (L. reuteri), S5 (L. plantarum), S8a (L. rhamnosus) and S8b (L. acidophilus) displayed resistance to Ampicillin and Penicillin.
CONCLUSION
Depending on the present results, it can be concluded that the Pediococcus pentosaceus have perfect probiotic properties suggesting their application in the fish ponds as good, environment friendly and economic additives serving thus in: 1) prevention or reduction of pathogenic infection in fish via their antimicrobial activity, 2) increase of fish yield by improving the vitality of fish larvae through preventive colonization with selected beneficial bacteria, and 3) protection of the environment through elimination of the use of antibiotics reducing thus the appearance of antibiotic-resistant bacterial strains. And for future application of these probiotics in fish pond, we recommended to add other safety assays such as the investigation for virulence factors using molecular biology, the haemolysin and gelatinase productions and the bile salt hydrolase activity.
